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Fig. 2. Relative importance of the independent components
of the associations between species richness and both
current climate and historical climatic changes across all
the groups studied. Colour gradients represent the number of
groups (out of the nine studied) for which the independent
association with climate variation since LGM was larger than that of
current climate. Progressively red tones indicate grid cells where the
diversity of the majority of the groups is more strongly associated
to current climate, and progressively blue tones those where most
groups have tighter relationships with historical climate changes.
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The geographical distribution of biodiversity has been
related to both current climate and historical climatic
changes, among other factors (e.g. 1-6). Determining the
relative importance of each one of these factors is difficult
because they are typically collinear and spatially
autocorrelated.
Although current climate and climate variation
since the Last Glacial Maximum (LGM) are highly collinear
in Europe, both have independent relationships with the
species richness of amphibians and reptiles (7). Also, the
association between historical climatic changes and dung
beetle diversity is non-linear and geographically
heterogeneous (8).
Here we identify the independent associations
between species richness gradients and both current
climate and the magnitude of the climatic changes
since Last Glacial Maximum throughout Western
Europe.
Background
We compiled data on the geographic distribution of all European species from nine groups: mammals (9), birds
(10), Amphibians (11), reptiles (11), butterflies (12), dung beetles (13), trees (14), Brassicaceae (15) and
Caryophyllaceae (15). We reprojected all range maps and 50 km atlas data to the same reference system and
overlaid these data on a 100 km equal-area grid (Fig. 3). Species richness was calculated as the number of species
whose distribution ranges overlap with each grid cell. Data for current and LGM (21 kyr ago) average temperature
and yearly precipitation was resampled to the same grid from the PMIP-II ECHAM scenarios (16). The magnitude
of historical climate changes was measured as the Climate Variation since LGM (i.e., the difference between
current and past values of temperature and precipitation, following 7). Analyses are limited to the area where there
were reliable data available for all groups, excluding all islands except Great Britain.
The European-wide relationships between the species richness of each group and both current climate
and historical climate changes were evaluated using partial OLS analyses, separating the variation independently
associated to each one of these factors (e.g., 1-3). The geographical variations in these independent associations
were evaluated using partial GWR analyses (and ad-hoc adaptation of Geographically Weighted Regressions, 17),
using a fixed bandwidth and a bi-square spatial weighting function to ensure comparability. In all cases, climate and
climate changes were represented by models including both temperature and precipitation. All analyses were
performed in SAM v4.0 (18), with additional code built by T.F.R. for the partial GWR analyses.
Data and methods
Fig. 1. Magnitude of the independent associations of species richness with current climate and
historical climate changes. Red and blue represent the relationships between richness and current and
historical climate, respectively, following the scheme in the right; bars show the results of a variation partition
analysis based on partial OLS regressions, and the maps depict the geographical variation in the variability
explained by the independent terms of current climate and climate variation since LGM, based on partial GWR
analyses. Values in the figure are for Adj.R2 and R2 for the OLS and GWR results, respectively. Negative interaction
terms were equalled to 0.All maps were stretched to the same range of variation to allow direct comparison.
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- Historical climate changes are more tightly correlated to the species richness of all groups studied than to current
climate when all European extent is considered (Fig. 1).
- Most of the variation in species richness is explained by the shared effects of current and historical climate, except for
mammals, birds and butterflies (Fig. 1).
- However, the independent association of richness with climate variation since LGM is always larger than that of
current climate (Fig. 1).
-The geographical variations in the independent associations of both current and historical climate with richness differ
widely among groups, although that of historical climate is often large in Central Europe (Fig. 1).
- In general, throughout most of Europe the larger independent association is with historical climate changes for the
majority of groups, especially in Central Europe. In the North of Scandinavia, on the contrary, the independent relationships
with current climate are most important (Fig. 2).
We can conclude that the effect of historical climatic changes on the current distribution
of biodiversity in Europe is larger, or at least similar, than that of current climate.
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Fig. 3. Grid used for the analyses. 100 km equal-area grid,
based on the European grid ETRS89-LAEA
(http://dataservice.eea.europa.eu/).
